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1. 

STONE DETECTION METHOD AND 
APPARATUS FOR A HARVESTER 

This application claims the benefit of U.S. Provisional 
Application No. 60/689,926, filed Jun. 13, 2005, and U.S. 
Provisional Application No. 60/689,250, filed Jun. 10, 2005. 

FIELD OF THE INVENTION 

The present invention pertains to a stone detection method 
and apparatus for detecting and removing discrete hard for 
eign objects from mobile agricultural equipment. Specifi 
cally, self-propelled combine harvesters and forage harvest 
ers are adapted with an apparatus that performs the method of 
detection of rocks and other discrete hard objects to permit the 
reliable removal of the rocks and hard objects from harvested 
crop material during crop harvesting operations. 

BACKGROUND OF THE INVENTION 

In the art of mechanically harvesting crops, it is known that 
self-propelled agricultural vehicles, such as combine harvest 
ers and forage harvesters, are used to mechanically harvest 
crops. Typically, these vehicles are equipped with a harvest 
ing implement, or header, that can, for instance, include a reel 
or other apparatus for pulling crops into an array of blades for 
cutting the crops, wherein the cut crop material is pulled or 
otherwise conveyed farther into the header by an auger or 
other apparatus. Once past the auger, the cut crop material is 
carried by an elevator or feederhouse to a threshing and sort 
ing mechanism or system that removes unwanted chaff mate 
rial from the desired crop matter before the crop matter 
reaches a storage compartment or tank carried by the vehicle. 

However, this simple crop harvesting process is compli 
cated by the fact that stones and other discrete hard objects are 
often pulled into the header with the crops. In the context of 
this disclosure, the terms "stones.” “rocks.” “objects, and 
“hard materials' are used interchangeably and define equiva 
lent matter to include any discrete undesirable matter Such as 
stones, rocks, pieces of metal, and pieces of wood, that is 
separable from the cut crop material (i.e., harvested crop plant 
material) and thus considered to be foreign to the crops. 
Unfortunately, Stones and other hard debris can cause expen 
sive damage to the elevator and threshing mechanisms; there 
fore, various methods and apparatuses have been developed 
to detect and remove stones and other potentially damaging 
foreign objects from the header before the cut crop material is 
carried by the elevator into the threshing and sorting mecha 
nism. 

Typically, the Stone detection methods and apparatuses of 
the prior art include a stone detection circuit that operates a 
mechanism for removing any stones or hard objects. For 
example, U.S. Pat. No. 3,675,660 to Girodat, which is incor 
porated herein by reference in its entirety, discloses a rock 
detection circuit that includes a rock detector, a bandpass 
filter, a peak signal detector, an amplifier, and a Solenoid 
operated trap door placed along the cut crop path before the 
crop elevator. The rock detector is a piezoelectric ceramic 
disc that picks up vibrations as the crop material passes and 
sends a sensing signal to the bandpass filter. Rocks of a certain 
size are known to generate higher frequency vibrations than 
the crop material, so the bandpass filter removes low fre 
quency signals from the sensing signal before sending the 
filtered signal to the peak signal detector. 

Extremely large Stones entering the combine feeder hous 
ing sometimes are not detected by the system of the Girodat 
patent. Several mechanisms are responsible for this. First, the 
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2 
physical size of a very large stone and the feeder front roll 
configuration prevents the required direct impact of the Stone 
on the existing flat sensor plate. Instead, the stone is pinched 
between the front roll and the sensor plate which results in the 
stone being scraped and dragged across the plate. Second, 
when a very large Stone does impact the sensor plate, acous 
tical signatures below about 2 kHZ are generated—well 
below the ASP (Advanced Stone Protection) electronic box 
bandpass filter center frequency of 5 kHz. Only a small 
amount of signal is generated within the pass band of the 
filter. Thus, a very large Stone is often not sensed and is thrust 
into the combine resulting in damage. 

Thus, the peak signal detector generates a signal only if the 
filtered signal has an amplitude greater than a predetermined 
amplitude (“threshold amplitude'), thereby filtering out 
background noise signals. When the filtered signal exceeds 
the predetermined amplitude, the peak signal detector gener 
ates a signal that is amplified by an amplifier, which sends an 
activating signal to a Solenoid, which operates to open the trap 
door so that the hard foreign object will fall out of the header. 
Unfortunately, there is a lot of background noise due to vibra 
tions generated by the vehicle's engine, jarring of the vehicle 
as it travels along the ground, and rock impacts on the exterior 
of the header during harvesting operations. 

Consequently, unless sensitivity of the rock detection cir 
cuit is precisely set, either the trap door will open unneces 
sarily thereby spilling valuable crop on the ground or the trap 
door will not open when needed so that many large Stones will 
reach the elevator and threshing mechanism resulting in dam 
age to the vehicle. It is noted that Girodat’s rock detection 
circuit has no control components for adjusting the frequency 
sensitivity of the bandpass filter, or the threshold amplitude of 
the peak signal detector. 

In an attempt to mitigate the effect of background vibra 
tions, U.S. Pat. No. 4,275,546 to Bohman et al. discloses a 
stone discriminator circuit that uses a pair of piezoelectric 
crystals that are vibrationally isolated from the header and the 
harvester by two vibration isolators. The two piezoelectric 
crystals are set to detect different vibration frequencies, one 
crystal detects vibration generated by the crop material and 
the other crystal detects vibration generated by stones. Each 
crystal sends signals to its respective bandpass filter, then to a 
difference amplifier that receives input from both bandpass 
filters. The difference amplifier detects the difference 
between the signals from the two crystals and outputs an 
amplified signal to a threshold circuit. 
The threshold circuit generates a signal to operate a trap 

door or an alarm only if the amplified signal from the differ 
ence signal exceeds a threshold amplitude. In other words, the 
two crystals provide comparative information with respect to 
the background vibrations and Superimposed rock vibrations 
in an attempt to weed out the background events from Stone 
impact events near the crystals. However, Bohman’s circuit 
also has the drawback that the stone discriminator circuit has 
no control components for adjusting the frequency sensitivity 
of the bandpass filters, or the threshold amplitude of the 
threshold circuit. 

U.S. Pat. No. 4,720,962 to Klinner discloses a means for 
detecting Stones and metal, which is a circuit including a 
vibration detector and a metal detector for detecting 
unwanted objects in a forage harvester. The vibration detect 
ing portion of the circuit includes a vibration sensor, a high 
pass filter and a comparator, so that a vibration detecting 
signal is generated that is frequency filtered and that repre 
sents an event exceeding a minimum threshold amplitude. 
Input from a metal sensor and input from the vibration detect 
ing portion feed into the remaining portion of the stone and 
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metal detection circuit to activate a door system to get rid of 
the unwanted object. It is noted that the stone and metal 
detection circuit includes a timing circuit so that the door 
system stays open for only a predetermined period of time. 
However, Klinner's stone and metal detection circuit has no 
control components for adjusting the frequency sensitivity of 
the bandpass filters, or the threshold amplitude of the thresh 
old circuit. 

Some other known stone detection or protection systems 
include two sensor plates and related two electronic bandpass 
filters in the stone detection or protection module employed to 
process signals from each plate in order to produce stone trap 
door openings whenever a stone impacts one of the plates. 
Each of these two filters passes a range of frequencies cen 
tered about a certain frequency. For the upper plate the center 
frequency is 3.1 kHz and for the lower plate the center fre 
quency is 5 kHz. 

Controlled tests strongly suggest that the upper sensor 
plate is relatively ineffective in contributing to stone detection 
or protection. Lab testing has conclusively shown that very 
large Stones generate impact signals in the lower frequency 
region below about 2 kHz. Only a small amount of signal 
from the very large stones is available in the 5 kHz filter pass 
band. Medium to Small Stones generate impact signals mainly 
in the region above 2 kHz. 

It has also been discovered that high force impacts of the 
largest stones (or even hard ear corn) produces a very large 
low spectrum electrical signal that can sometimes overload 
the electronic circuitry of the 5 kHz filter in the ASP module. 
Wheneveran overload occurs, the amount of signal available 
in the 5 kHz region is reduced. This will adversely affect 
detection performance. 

Therefore, the present invention endeavors to provide an 
improved method for detecting and removing hard objects 
from cut crop material during crop harvesting with a 
mechanical harvester, and an apparatus for performing this 
method that reliably produces cut crop material that is essen 
tially solely cut crop matter that is an improvement over the 
prior art devices and methods. 

Accordingly, a primary object of the present invention is to 
overcome the disadvantages of the prior art methods and 
apparatuses for detecting and removing hard objects from cut 
crop material during crop harvesting with a mechanical har 
Vester. 

Another object of the present invention is to provide a 
method and apparatus for detecting and removing hard for 
eign objects from cut crop material that achieves adequate 
detection rates for the hard foreign objects, so that the objects 
can be reliably removed. 

Another object of the present invention is to provide a 
method and apparatus for detecting and removing hard for 
eign objects from cut crop material that allows for external 
adjustment of various detection parameters by an operator to 
achieve the improved detection rates for the hard foreign 
objects. 

Another object of the present invention is to provide a 
method and apparatus for detecting and removing hard for 
eign objects from cut crop material that allows for the system 
to internally adjust to various internal and/or external influ 
ences that are transparent to the operator to achieve the 
improved detection rates for the hard foreign objects. 
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4 
SUMMARY OF THE INVENTION 

Accordingly, the present invention is proposed to over 
come one or more of the problems, disadvantages, and short 
comings of the prior art, and achieve one or more of the 
objects, as set forth above. 

According to a preferred aspect of the invention, as a modi 
fication of a known ASP system such as those discussed above 
including two sensor plates and bandpass filters, first, the 
known upper sensor system will be deleted or completely 
removed and the electronic filter in the stone protection mod 
ule formerly used to process upperplate signals will be modi 
fied to process those signals from the lower plate caused 
primarily by very large Stones. In order to accomplish this, the 
centerfrequency of the upper filter is changed from 3.1 kHz to 
1 kHz—the region where large Stones have been found to 
generate the most signal. This change means that signals 
generated by very large stones will generally be detected by 
the upper sensor bar filter and will more likely result in a stone 
trap door opening. 

Second, to prevent 5 kHz filter overload, a high pass filter 
will be inserted in the signal path prior to the 5KHZ filter that 
will suppress signals below about 2 KHZ. In addition to over 
load prevention, this modification will Suppress unwanted 
low frequency ear corn impact signatures which can masquer 
ade as large Stones. Because of this modification, Small to 
medium size stones will more likely be detected by the lower 
filter and be ignored by the upper filter. A sliding sensitivity 
scale is implemented in Software so that in light grain crops 
both upper and lower filters can contribute to stone detection. 
When harvesting ear corn, the scale is adjusted downward by 
the operator so that much less of the upper filter is used in the 
detection process. 

It is contemplated that the following advantages will result: 
(1) minimal impact on crop flow; (2) same user interface 
(0-100 percent gain in 10 percent increments); and (3) marked 
improved stone protection performance for very large stones, 
and incremental improvement performance for Smaller 
StOneS. 

In accordance with another preferred aspect of the present 
invention, there is provided a method for detecting and 
removing hard objects from a cut crop material that is not 
limited to any one particular apparatus, or combination of 
apparatuses, for performing the method. The method com 
prises the steps of providing a cut crop material that includes 
foreign hard objects in addition to cut crop matter, sensing the 
cut crop material and foreign hard objects using a sensor to 
generate a signal; amplifying the signal, wherein the magni 
tude of amplification is controlled by the microprocessor; 
processing the signal to filter a bandwidth to generate aband 
width filtered signal, optionally wherein a microprocessor 
controls the frequency range of the filtered bandwidths; pro 
cessing the bandwidth filtered signal to generate an amplitude 
threshold signal when the bandwidth filtered signal exceeds a 
minimum threshold amplitude, wherein the microprocessor 
controls a value of the minimum threshold amplitude; pro 
cessing the amplitude threshold signal to generate an internal 
signal only when the amplitude threshold signal has a pulse 
width that exceeds a minimum pulse width value, thereby 
eliminating noise signals; and determining that a hard object 
is present based upon the internal signal, then removing the 
hard object based upon an output signal by using a hard object 
removal mechanism to produce a cut crop material that is 
essentially cut crop matter. 
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According to another preferred aspect of the present inven 
tion, an agricultural harvester is provided having a header. 
The header can be of conventional construction, for instance, 
a grain header with a reeland an auger or draper belt, wherein 
the reel and the auger or draper provide crop material to an 
elevator, or a corn head including an auger or draper to pro 
vide crop to an elevator, and including aforeign object detect 
ing mechanism, wherein the foreign object detecting mecha 
nism includes a foreign object detecting circuit to detect 
foreign objects and an object extrusion or removal mecha 
nism operationally connected to be activated by the detecting 
circuit, wherein the detecting circuit is connected to a power 
Supply and comprises a first vibration sensor that generates a 
first input signal in response to vibrations generated by a 
foreign object; a frequency high pass filter that removes low 
frequencies from the first input signal and produces a first 
high pass filtered input signal; a first programmable amplifier 
that receives the first high pass filtered input signal from the 
frequency high pass filter and generates an amplified first 
output signal; a frequency bandpass filter that receives and 
filters a bandwidth of the amplified first output signal to 
generate a first frequency filtered signal; a first variable 
threshold comparator that receives the first frequency filtered 
signal and generates a first pulse output signal when the first 
frequency filtered signal exceeds a minimum threshold 
amplitude; a first pulse rejection network that receives the 
first pulse output signal and generates an internal signal when 
a frequency calculated from the pulse train of the first pulse 
output signal corresponds to a specified frequency band 
width; and a microprocessor that includes the pulse rejection 
network and that is electronically connected to the first 
threshold comparator and to the first programmable amplifier, 
wherein the microprocessor operates to control the value of 
the minimum threshold amplitude of the first threshold com 
parator and to control the magnitude of signal amplification 
performed by the first programmable amplifier, wherein the 
detecting circuit activates the object exclusion or removal 
mechanism whenever the detecting circuit generates a third 
output signal. 

Furthermore, according to the preferred aspect, the present 
invention includes a second programmable amplifier, which 
receives the first input signal and produces a second amplified 
input signal; a low frequency band pass filter, which receives 
the second amplified input signal and produces a second 
frequency filtered signal; a second variable threshold com 
parator that receives the second frequency filtered signal and 
generates a second pulse output signal when the second fre 
quency filtered signal exceeds a minimum threshold ampli 
tude; a second pulse rejection network that receives the sec 
ond pulse output signal and generates an internal signal when 
a frequency calculated from the pulse train of the second 
pulse output signal corresponds to a specified frequency 
bandwidth; and a microprocessor that includes the pulse 
rejection network and that is electronically connected to the 
second threshold comparator and to the second program 
mable amplifier, wherein the microprocessor operates to con 
trol the value of the minimum threshold amplitude of the 
second threshold comparator and to control the magnitude of 
signal amplification performed by the second programmable 
amplifier, wherein the detecting circuit activates the object 
exclusion or removal mechanism whenever the detecting cir 
cuit generates a third output signal. 
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6 
Further objects, features and advantages of the invention 

will become apparent from the Detailed Description of Pre 
ferred Embodiments that follows, when considered together 
with the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side view of an agricultural harvester in accor 
dance with preferred embodiments of the present invention; 

FIG. 2 is a schematic drawing of apparatus in accordance 
with a preferred embodiment of the present invention; 

FIG. 3 is a flow diagram according to a preferred embodi 
ment of the invention showing parallel signal paths directed to 
the method for detecting and removing hard objects from a 
cut crop material; 

FIG. 4 is a block diagram of the invention also showing the 
parallel signal path; 

FIG. 5 is a fragmentary perspective view of an inlet end of 
an elevator of the harvester of FIG. 1, showing a preferred 
embodiment of a detector element according to the invention; 

FIG. 6 is a fragmentary perspective view of another pre 
ferred embodiment of a detector element according to the 
invention; 

FIG. 7 is a fragmentary perspective view of another pre 
ferred embodiment of a detector element according to the 
invention; and 

FIG. 8 is a fragmentary perspective view of still another 
preferred embodiment of a detector element according to the 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention generally includes a method and 
apparatus for detecting and removing hard objects from a 
flow of cut crop material, and a representative agricultural 
harvester with which the invention can be used. To facilitate 
an easy understanding of the present invention, the agricul 
tural harvester will be described first, with reference to the 
Figures. 

Referring to FIG. 1, an agricultural harvester 1 is typically 
a self-propelled vehicle having two wheel pairs 8 and 9. 
engine 7 mechanically connected to rotate the wheels, cab 2 
where the vehicle operator 11 sits, and a header 12 for har 
vesting crops. Header 12 includes reel assembly 13 for pull 
ing crops into the header so that the crops are cut by blade 
assembly 17 in the conventional manner, and an auger 15 
situated in an auger trough 14 for pushing cut crop material 
into the center of the header. As is conventionally known, the 
header 12 and the reel assembly 13 have position adjusting 
mechanisms (not shown) for moving and positioning the 
header and the reel assembly relative to the crops and the 
ground so that crops can be optimally harvested. 
A cut crop elevator 21, or “feederhouse is located at the 

center of the header12 and is fed by the rotation of auger 15. 
Cut crop material moves from auger 15 to elevator 21 where 
the cut crop material is carried along a flow path through the 
bottom of the feederhouse along a floor thereof by an elevator 
apron 23 from a front drum 22 to a rear drum 24 and into the 
forward portions of the harvester 1. Essentially, elevator 
apron 23 includes at least two continuous chains which 
encircle drums 22 and 24 and include slats or bars which 
extend parallel to the drums and engage and convey or drag or 
push the crop material along the floor or bottom of the feed 
erhouse as driven by rotation of the drums. Harvester 1 
includes a threshing mechanism 3 which receives the flow of 
crop material fed into it by elevator 21 and which threshes the 
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grain of the crop material from Straw, cobs, pods, stems, and 
the like. The grain is then delivered to a grain/chaff separation 
system 4 which removes the chaff and other material other 
than grain from the grain. Once the grain or other crop has 
been threshed and the chaff removed, the product crop is 
conveyed to and stored in tank 5. Tube 6 is used to unload the 
product crop and any chaff is discarded by the chaffspreader 
10. 
To protect the elevator 21, threshing mechanism 3, and 

other systems of the harvester 1 from damage due to stones, 
rocks, metal pieces, and any other discrete foreign hard 
objects that are mixed in with the crop matter, the elevator 21 
is fitted with a hard object detector 35. 
The hard object detector 35 serves to both detect and to 

remove any foreign hard objects from the flow of cut crop 
material passing through the elevator 21, thereby producing a 
flow of cut crop matter that is essentially free of foreign hard 
objects. As schematically shown in FIG.4, and as illustrated 
in FIG. 5, the hard object detector 35 of elevator 21 includes 
a detector element 36 which is preferably a plate such as a 
Sounding plate positioned in spaced relation beneath the front 
drum 22 (deleted in FIG.5 for clarity but illustrated in FIG.1), 
such that flows of cut crop material fed into elevator 21 will be 
forceably urged or driven over the upper surface of the sound 
ing plate. The upper Surface of the Sounding plate is prefer 
ably at least generally parallel to the feederhouse floor and 
includes an array of “interruptions' 38 or “cleats' configured 
thereon, to ensure that a stone sliding thereover, or contained 
in a flow of crop material flowing thereover, impacts or con 
tacts one or more of the interruptions 38 or otherwise 
“excites' or vibrates the plate to a sufficient magnitude so as 
to be detectable by an acoustic sensor, and such that the 
excitations or vibrations of the plate detected by the sensor 
will have at least one characteristic distinguishable from char 
acteristics of excitations or vibrations of the plate caused by 
passage thereover of the crop material alone. It is contem 
plated that the interruptions could comprise many different 
embodiments. 

For example, a preferred embodiment of the Sounding plate 
shown in FIG. 5 includes interruptions 38 as commonly used 
and embodied by “diamond plate” technology. Such “dia 
mond plate” technology is frequently used as a "no-slip Sur 
face' or in the construction of heavy-duty toolboxes, storage 
systems, etc. However, it should be appreciated that the 
Sounding plate of the present invention is not limited to use of 
diamond plate technology; the minimum requirement of the 
Sounding plate of the present invention is that its Surface 
include any array or pattern of interruptions 38, such that the 
array or pattern of interruptions 38 would preclude a clear 
path of travel of an object from the front end to the rear of the 
Sound plate in the direction of crop flow. Accordingly, the 
sound plate and surface interruptions 38 of detector element 
36 of the present invention would dictate that an object (i.e. a 
stone) traveling from the front end to the rear of the sound 
plate would encounter at least one interruption 38 during its 
travel, thereby creating a sufficient “excitement signature to 
qualify as a stone or other hard object event noise. It is thus 
contemplated that the sound plate interruptions 38 could 
include, but are not limited to, any array or pattern of obtru 
sions that would meet the aforementioned minimum require 
ment, Such as a "dimple configuration, array of random weld 
spatters, etc. 

Referring also to FIGS. 6, 7 and 8, the sound plate of 
detector element 36 is shown including various alternative 
embodiments of interruptions which are considered suitable 
for causing the desired excitations of element 36 as crop 
material flow containing one or more hard objects pass there 
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8 
over, including raised, elongate weld beads 38A in a diamond 
pattern (FIG. 6); an array of discrete raised obtrusions or 
bumps 38B (FIG.7); and an array of generally round beads or 
dimples 38C (FIG. 8). 
The excitations of detector element 36 signifying presence 

of a stone or other hard object in the crop flow thereover are 
sensed by at least one sensor 40 of an electrical detection 
circuit 42 operationally connected thereto and to a power 
Supply 70, and a hard object removal mechanism 44 opera 
tionally connected to and controlled by detection circuit 42. 

Preferably, each sensor 40 is an acoustic sensor, although 
the invention is not limited to acoustic sensors. Furthermore, 
the invention can be practiced using a sensor array, so that 
sensor 40 could actually be an array of two or several sensor 
devices, as illustrated by the two sensors in FIG. 4. Detection 
circuit 42 includes a high pass filter 140, programmable 
amplifiers 50 and 150, variable bandpass filters 52 and 152, 
variable threshold comparators 54 and 154, and microproces 
sor 60 that includes a pulse rejection network. Microproces 
sor 60 can be, for instance, the principal operating element of 
a microprocessor based microcontroller, as illustrated in FIG. 
4. Power supply 70 is electrically connected to the detection 
circuit to provide power to run the system. 
The details of detection circuit 42 are described below. 

Each sensor 40 is electrically connected to provide an object 
sensing input signal I1 to the programmable amplifier 50 and 
high pass filter 140 of circuit 42. Sensor 40 also provides an 
input signal I2 to microprocessor 60 in response to a feedback 
signal F1 from microprocessor 60. This feedback loop 
between sensor 40 and microprocessor 60 gives the micro 
processor the ability to monitor the operation (i.e., activation 
status or sensitivity) of the sensor 40. In other words, signals 
I2 and F1 provide a self-diagnostic feedback loop between the 
sensor 40 and the microprocessor 60, thereby providing the 
microprocessor 60 with the capability to monitor the signal 
levels of sensor 40 and to determine fault conditions for the 
input transducer of sensor 40 and other input Sub-systems in 
conjunction with the current state of the harvester 1 (i.e., 
whether the reel assembly running/reel assembly is or is not 
running). 

It is known by anyone reasonably knowledgeable in the art 
that very large Stones produce vibration signals from a sensor 
40 that are significantly lower in frequency than those pro 
duced by medium and Smaller stones. In order to prevent 
interference by the signal of the very large stones with the 
signal of Smaller stones, the signals of sensors 40 are pro 
cessed through detection circuit 42 via two circuit or signal 
paths. Amplifier 50, low frequency bandpass filter 52, and 
Voltage comparator 54 form one signal path to amplify, select, 
and qualify signals from sensors 40 that only correspond to 
the very largest of stones that can enter the feederhouse. 
Frequency bandpass filter 52 is set to reject signals produced 
from sensors 40 caused by medium and Smaller size stones. 

In like manner, amplifier 150, high frequency bandpass 
filter 152, and voltage comparator 154 form another path to 
amplify, select and qualify signals from sensors 40 that only 
correspond to medium and Small stones. Vibrations in the 
plate of detector element 36 corresponding to very large 
stones and other low frequency crop and machine noises are 
rejected by high filter 140 so that only signals from sensors 40 
corresponding to medium and Small stones are passed on to 
bandpass filter 152. A significant difference in this signal path 
is that high pass filter 140 is set to reject low frequency signals 
from the very large stones. 
The signals from voltage comparators 54 and 154 are 

received by microprocessor 60. The magnitude of amplifica 
tion performed by amplifiers 50 and 150 on signal I1 is 
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controlled by microprocessor 60, which sends a control signal 
C1 and C2 to control the degree to which amplifiers 50 and 
150 amplifies, either positively or negatively, the magnitude 
of signal I1. In this manner, the microprocessor can adapt the 
amplifiers 50 and 150 to various internal and/or external 
influences on signal strength over a broader range of ampli 
tudes. 

Bandpass filters 52 and 152 are electrically connected to 
amplifiers 50 and 150, respectively, and to comparators 54 
and 154, respectively, and to microprocessor 60, and receive 
and filter signals I3 and I7, respectively, to produce frequency 
filtered signals I4 and I8, respectively, corresponding to a 
predetermined and preferred frequency bandwidth. In other 
words, high pass filter 140 and bandpass filter 152 generally 
filter out low frequency signals such as would be generated by 
Soft organic crop material and very large stones passing 
through feederhouse 21 but transmit high frequency signals 
Such as would be generated by medium and Small hard objects 
or stones to be separated from the desired crop matter. Simi 
larly, bandpass filter 52 accepts signals produced by the very 
largest stones and rejects signals produced by the Smaller and 
medium size stones. In one preferred embodiment, band 
width filters 52 and 152 are each a hardware-fixed bandwidth 
filter because such filters are relatively inexpensive. 

In an alternative preferred embodiment, bandwidth filters 
52 and 152 can be variable bandwidth filters that are electri 
cally connected to receive input control signals directly from 
microprocessor 60. In this case, the frequency bandwidths 
filtered by bandwidth filters 52 and 152, respectively, are 
controlled by microprocessor 60, which sends the input con 
trol signals to set the bandwidths filtered by filters 52 and 152; 
therefore, filters 52 and 152 would be tunable by micropro 
cessor 60 to adapt to varying internal and/or external influ 
ences on signal spectral content, theoretically improving the 
signal-to-noise ratio. In practice, however, it has been found 
that using an inexpensive fixed bandwidth filter provides a 
suitable degree of bandwidth filtering when used as band 
width filters 52 and 152 and that utilizing the more expensive 
variable bandwidth filters do not significantly improve the 
operation of the hard object detector 35. 

Variable threshold comparators 54 and 154 are electrically 
connected to filters 52 and 152, respectively, and to a pulse 
rejection network of microprocessor 60. 

Comparator 54 receives signal I4 from filter 52 and gener 
ates signal I5 only when the magnitude of signal I4 exceeds a 
minimum threshold amplitude. Comparator 54 also receives a 
control signal C3 from microprocessor 60, which sets the 
voltage value of the minimum threshold amplitude. In this 
manner, microprocessor 60 provides comparator 54 with the 
ability to adapt to varying internal and/or external influences 
on signal strength. 

In like manner, comparator 154 receives signal I8 from 
filter 152 and generates signal I9 only when the magnitude of 
signal I8 exceeds a minimum threshold amplitude. Compara 
tor 154 also receives a control signal C4 from microprocessor 
60, which sets the voltage value of the minimum threshold 
amplitude. In this manner, microprocessor 60 provides com 
parator 154 with the ability to adapt to various internal and/or 
external influences on signal strength. 

Microprocessor 60 is electrically connected to compara 
tors 54 and 154 and receives signal I5 and I9 from compara 
tors 54 and 154 respectively. More specifically, microproces 
sor 60 includes a pulse rejection network that receives signals 
I5 and I9 and generates an internal signal when the pulse 
trains of signals I5 and I9 fall within a specified bandwidth 
frequency. Generally, the pulse rejection network includes a 
calculation circuit for calculating the frequency of the pulse 
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10 
train of signals I5 and I9, then this calculated frequency is 
inputted into a fixed bandpass filter that is also a part of the 
pulse rejection network of microprocessor 60. In this manner, 
the pulse rejection network excludes "glitches, that is, spu 
rious signals failing to meet a specified pulse train frequency 
requirement, thereby minimizing false detections. 
When the pulse rejection network generates the internal 

signal, microprocessor 60 Subsequently utilizes the internal 
signal to generate activating signal A1 that is transmitted from 
the microprocessor to activate a Solenoid 44s of hard object 
removal mechanism 44 that is electrically connected to 
microprocessor 60. As will be appreciated by one skilled in 
the art, the internal signal ultimately generated by the pulse 
rejection network is the product of amplifying, frequency 
bandwidth filtering, threshold amplitude comparing, and 
pulse train frequency exclusion of initial signal I1. As will 
also be appreciated by one skilled in the art, microprocessor 
60 can be preprogrammed to generate control signals C1, C2, 
C3 and C4, and feedback signal F1, or the microprocessor can 
be operationally connected to receive signals from a control 
panel 80 preferably located in cab 2 for operator 11 to 
manipulate so that the operator has the ability to adjust the 
operation of sensor 40 and circuit 42. 

Preferably, hard object removal mechanism 44 is broadly 
conceived to include any electromechanical mechanism for 
removing the hard objects from the flow of crop material and 
is not limited to any one particular mechanism. One example 
of a suitable hard object removal system for removing the 
hard objects from the crop material flow is disclosed in U.S. 
Pat. No. 6,298,641 B1 to Digman et al., which is incorporated 
herein by reference in its entirety. In this specific embodiment 
of the present invention, the hard object removal mechanism 
44 includes an aperture in the floor of the housing of elevator 
21. 
The flow of cut crop material passes over this aperture and 

remains in the elevator 21 because a trap door covers the 
aperture, thereby Substantially blocking the aperture and pre 
venting the flow of cut crop material from passing out of the 
elevator through the aperture and onto the ground. A Solenoid 
44s operated by the microprocessor 60 is activated whenever 
a foreign object is detected in the flow of cut crop material by 
the detection circuit 42, which generates a Solenoid activating 
output signal A1. The Solenoid is operationally connected to 
activate a door opening mechanism that Subsequently opens 
the trap door in response to the Solenoid activating output 
signal. 
Once the trap door is open, the aperture is no longer cov 

ered and gravity causes the crop material flow to exit the 
elevator 21 through the aperture. In addition, a sled can be 
used to help divert the crop flow towards the aperture. In this 
manner, those portions of the cut crop material flow contain 
ing the undesirable hard object or objects are selectively 
discharged (removed) to the ground. The trap door remains 
open only for a brief predetermined time period before the 
solenoid 44s is deactivated by the microprocessor 60 and a 
door closing mechanism, such as a door closing cable and 
latch, automatically closes the trap door. It is stressed, how 
ever, that the present invention can be practiced using other 
electromechanical mechanisms for removing hard objects 
from the flow of crop material. 

Having fully described the apparatus in accordance with 
the present invention, the method for detecting and removing 
hard objects, such as Stones and the like, from a cut crop 
material in accordance with the present invention will be 
described. FIGS. 2 through 4 outline important aspects the 
method of the present invention. First, a cut crop material that 
includes foreign hard objects in addition to cut crop matter is 
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provided when the header 12 is activated to cut crops, as 
denoted by block 82 in FIG. 3. Second, sensors 40 sense the 
excitations generated by the passage of the cut crop material 
and the foreign hard objects over the plate of detector element 
36 and generate signals representative thereof, as denoted at 
block 84 in FIG. 3. As mentioned above and as illustrated in 
FIG.4, more than one sensor 40 can be used, and the signals 
outputted therefrom can be Summed, as indicated at Summing 
point 43 in FIG. 4. Third, the signal is outputted along the two 
signal paths, including a first signal path so as to be processed 
to reject frequencies below a first frequency using a high pass 
filter 140 (FIGS. 2 and 4), as denoted at block 86 in FIG. 3, 
then to be amplified by amplifier 150 (FIGS. 2 and 4), as 
denoted at block 88 in FIG. 3, and a second signal path so as 
to be amplified by amplifier 50 (FIGS. 2 and 4), as denoted at 
block 90 in FIG. 3, wherein the magnitudes of amplification 
are controlled by microprocessor 60. A suitable value for the 
first frequency can be, for instance, about 2 kHz. 

Next, the amplified signals are processed by bandwidth 
filters 52 and 152 (FIGS. 2 and 4), as denoted at blocks 92 and 
94 in FIG. 3, to filter the bandwidths of the amplified signals 
to generate first and second bandwidth filtered signals, 
respectively, wherein optionally microprocessor 60 controls 
the frequency ranges of the filtered bandwidths. A suitable 
center frequency for the first bandwidth filtered signal can be, 
for instance, a frequency of about 5 kHz, and a suitable center 
frequency for the second bandwidth filtered signal can be 
about 1 kHz, as illustrated in FIG. 4. The bandwidth filtered 
signals are now processed by variable Voltage threshold com 
parators 54 and 154 (FIG. 2), as denoted at blocks 96 and 98 
in FIGS. 3 and 4, to generate amplitude thresholded signals 
when the respective bandwidth filtered signals exceed a mini 
mum threshold amplitude, wherein microprocessor 60 con 
trols the value of the minimum threshold voltage amplitude. 
Signals below the threshold minimum amplitudes are dis 
carded, as denoted at block 112 in FIG. 4. 
Now, the amplitude thresholded signals are each processed 

by a pulse rejection network of the microprocessor 60 to 
generate an internal signal only when the amplitude thresh 
olded signal has a pulse train frequency that falls within a 
specified bandwidth frequency value, thereby eliminating 
noise signals, as denoted at blocks 100 and 102 in FIG.3. The 
last step is determining that a hard object is present based 
upon the internal signal, which is generally performed by 
microprocessor 60, then removing the hard object using a 
hard object removal mechanism 44 to produce a cut crop 
material that is essentially cut crop matter only and contains 
no hard foreign objects, as denoted at blocks 104 and 106 in 
FIG. 3. In this step, microprocessor 60 determines that a hard 
object is present based upon the internal signal from the pulse 
rejection network and transmits an activation signal to a sole 
noid 44s of removal mechanism 44 (FIG. 2), thereby setting 
the removal mechanism 44 into action to remove the hard 
object. This is effected by opening the stone trap door, as 
denoted at block 108 in FIG. 4. Additionally, a stone detected 
message can be sent via the CAN (controller area network) or 
other suitable conductive path, to alert operator 11, as denoted 
at block 110 in FIG. 4. 
As will be appreciated by one skilled in the art, the 

sequence of steps in the method for detecting and removing 
hard objects from a cut crop in accordance with the present 
invention is not limited to the particular listed Step sequence. 
Plainly, the first and last steps must remain as the first and last 
steps of the method; however, some steps such as the band 
width filtering step and the amplitude thresholding step can 
be interchanged without departing from the scope and spirit 
of the method. 
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12 
While the present invention has been described with refer 

ence to certain preferred embodiments, one of ordinary skill 
in the art will recognize that additions, deletions, Substitu 
tions, modifications and improvements can be made while 
remaining within the spirit and scope of the present invention 
as defined by the appended claims. 
What is claimed is: 
1. Apparatus for detecting hard objects in a flow of cut crop 

material softer than the hard objects flowing along a flow path 
between harvesting apparatus of an agricultural harvesting 
machine and threshing apparatus thereof, comprising: 

a detector element disposed along the flow path and con 
figured such that flows of crop material along the flow 
path will contact the detector element to generate vibra 
tions thereof, and Such that at least Some of any hard 
objects in the flows of crop material that contact the 
detector element will generate vibrations thereof at least 
generally within a first frequency band and a second 
frequency band having amplitudes greater than ampli 
tudes of vibrations generated by the crop material alone; 

at least one vibration sensor operable for sensing vibrations 
of the detector element and responsively outputting sig 
nals representative thereof over a first signal path and a 
second signal path; 

the first signal path including a high pass filter operable for 
filtering the signal outputted over the first signal path to 
Suppress frequencies thereof below a first frequency 
within or below a lower portion of the first frequency 
band to create a first frequency filtered signal, a high 
frequency bandpass filter operable for filtering the first 
frequency filtered signal So as to pass frequencies 
thereof generally within the first frequency band as a first 
bandwidth filtered signal, and a device operable for 
selectively outputting the first bandwidth filtered signal 
when the first bandwidth filtered signal is representative 
of vibrations having the amplitudes greater than the 
amplitudes of vibrations generated by the crop material 
alone; and 

the second signal path including a low frequency bandpass 
filter operable for filtering the signal outputted thereover 
So as to pass frequencies thereof within the second fre 
quency band, and a device operable for selectively out 
putting the second bandwidth filtered signal when rep 
resentative of vibrations having the amplitudes greater 
than the amplitudes of vibrations generated by the crop 
material alone. 

2. The apparatus of claim 1, further comprising a controller 
for receiving the first and second bandwidth filtered signals 
and responsively operating a hard object removal mechanism 
disposed along the flow path at a location downstream of the 
detector element in a direction of the flow of the crop material. 

3. The apparatus of claim 2, wherein the first and second 
bandwidth filtered signals will have voltage amplitudes cor 
responding with the amplitudes of vibrations of the detector 
element, and the controller is programmed to operate the hard 
object removal mechanism when at least one of the first and 
second bandwidth filtered signals received by the controller 
has a Voltage amplitude equal to or above a threshold Voltage 
amplitude. 

4. The apparatus of claim3, wherein the controller is oper 
able for varying a value of the threshold voltage amplitude. 

5. The apparatus of claim3, wherein the controller is oper 
able for varying a frequency range of at least one of the first 
and second bandwidth filtered signals. 

6. The apparatus of claim 1, wherein the first bandwidth 
filtered signal is centered about a center frequency of about 5 
kHZ. 
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7. The apparatus of claim 1, wherein the second bandwidth 
filtered signal is centered about a center frequency of about 1 
kHZ. 

8. The apparatus of claim 1, wherein the detector element 
comprises a plate configured Such that hard objects of a first 
size range in the flows of crop material contacting the plate 
will generate vibrations thereof having frequencies within 
about the first frequency band, and hard objects of a second 
size range larger than the first size range in the flows of crop 
material contacting the plate will generate vibrations thereof 
having frequencies within about the second frequency band. 

9. The apparatus of claim 1 wherein the at least one vibra 
tion sensor disposed for sensing vibrations of the detector 
element and outputting signals representative thereof over a 
first signal path and a second signal path comprises two 
vibration sensors. 

10. The apparatus of claim 1, wherein the detector element 
has a surface disposed such that the flows of crop material will 
flow thereover, the Surface including at least one interruption 
extending outwardly therefrom so as to be positioned to be 
impacted by at least some of any hard objects in the flows of 
crop material that flow over the surface. 

11. A method for detecting hard objects in a flow of cut crop 
material softer than the hard objects flowing along a flow path 
between harvesting apparatus of an agricultural harvester and 
threshing apparatus thereof, comprising steps of: 

providing a detector element along the flow path so as to be 
vibrated by the flow of crop material therealong, and 
such that at least some of any hard objects in the flows of 
crop material generate vibrations of the detector element 
at least generally within a first frequency band and a 
second frequency band, and wherein at least some of the 
vibrations within the first and second frequency bands 
generated by the hard objects have amplitudes greater 
than amplitudes of vibrations generated by the crop 
material alone; 

sensing the vibrations of the detector plate and respon 
sively outputting signals representative thereof over a 
first signal path and a second signal path, respectively; 

filtering the signal outputted over the first signal path to 
Suppress frequencies thereof below a first frequency 
within or below a lower portion of the first frequency 
band to create a first frequency filtered signal, filtering 
the first frequency filtered signal so as to pass frequen 
cies thereof generally within the first frequency band as 
a first bandwidth filtered signal, and selectively output 
ting the first bandwidth filtered signal when the first 
bandwidth filtered signal is representative of vibrations 
having the amplitudes greater than the amplitudes of 
vibrations generated by the crop material alone; and 

filtering the signal outputted over the second signal path so 
as to pass frequencies thereof within the second fre 
quency band, and selectively outputting the second 
bandwidth filtered signal when representative of vibra 
tions having the amplitudes greater than the amplitudes 
of vibrations generated by the crop material alone. 

12. The method of claim 11, further comprising a step of 
providing a controller which receives the first and second 
bandwidth filtered signals and responsively operates a hard 
object removal mechanism disposed along the flow path at a 
location downstream of the detector element in a direction of 
the flow of the crop material. 

13. The method of claim 12, wherein the first and second 
bandwidth filtered signals will have voltage amplitudes cor 
responding with the amplitudes of vibrations of the detector 
element, and the controller operates the hard object removal 
mechanism when at least one of the first and second band 
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14 
width filtered signals received by the controller has a voltage 
amplitude equal to or above a threshold Voltage amplitude. 

14. The method of claim 13, wherein the controller is 
operable for varying a value of the threshold voltage ampli 
tude. 

15. The method of claim 13, wherein the controller is 
operable for varying a frequency range of at least one of the 
first and second bandwidth filtered signals. 

16. The method of claim 11, wherein the first bandwidth 
filtered signal is centered about a center frequency of about 5 
kHZ. 

17. The method of claim 11, wherein the second bandwidth 
filtered signal is centered about a center frequency of about 1 
kHZ. 

18. The method of claim 11, wherein the detector element 
comprises a plate configured Such that hard objects of a first 
size range in the flows of crop material contacting the plate 
generate vibrations thereof having frequencies within about 
the first frequency band, and hard objects of a second size 
range larger than the first size range in the flows of crop 
material contacting the plate generate vibrations thereofhav 
ing frequencies within about the second frequency band. 

19. The method of claim 11, wherein the detector element 
has a Surface disposed such that the flows of crop material 
flow over the Surface, the Surface including at least one inter 
ruption extending outwardly therefrom so as to be impacted 
by at least some of any hard objects in the flows of crop 
material that flow over the surface. 

20. The method of claim 11, wherein the first frequency has 
a value of about 2 kHz. 

21. The method of claim 11, comprising a step of ampli 
fying the first frequency filtered signal, and amplifying the 
signal outputted over the second signal path. 

22. A hard foreign object detecting circuit for detecting 
hard foreign objects in a flow of cut crop material toward a 
threshing system of an agricultural harvester, comprising: 

at least one vibration sensor operable for generating a first 
input signal in response to vibrations generated by a hard 
foreign object; 

a frequency high pass filter that receives the first input 
signal and removes frequencies below a first frequency 
therefrom to produce a first high pass filtered input sig 
nal; 

a first programmable amplifier that receives the first high 
pass filtered input signal and generates an amplified first 
output signal; 

a frequency bandpass filter that receives and filters aband 
width of the amplified first output signal to generate a 
first frequency filtered signal; 

a first variable threshold comparator that receives the first 
frequency filtered signal and generates a first pulse out 
put signal when the first frequency filtered signal 
exceeds a minimum threshold amplitude; 

a microprocessor including a first pulse rejection network 
that receives the first pulse output signal and generates 
an internal signal when a frequency calculated from a 
pulse train of the first pulse output signal corresponds to 
a predetermined frequency bandwidth, the microproces 
sor being electronically connected to the first variable 
threshold comparator and to the first programmable 
amplifier, and the microprocessor being operable to con 
trol the value of the minimum threshold amplitude of the 
first threshold comparator and to control a magnitude of 
signal amplification performed by the first program 
mable amplifier, and the microprocessor being operable 
to activate a hard object removal mechanism responsive 
to the generation of the internal signal; 
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a second programmable amplifier which receives the first 
input signal and produces a second amplified input sig 
nal; 

a low frequency band pass filter which receives the second 
amplified input signal and produces a second frequency 
filtered signal; 

a second variable threshold comparator that receives the 
second frequency filtered signal and generates a second 
pulse output signal when the second frequency filtered 
signal exceeds a minimum threshold amplitude; 

a microprocessor including a second pulse rejection net 
work that receives the second pulse output signal and 
generates an internal signal when a frequency calculated 
from a pulse train of the second pulse output signal 
corresponds to a specified frequency bandwidth, the 
microprocessor including the second pulse rejection net 
work being electronically connected to the second 
threshold comparator and to the second programmable 
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old comparator and to control a magnitude of signal 
amplification performed by the second programmable 
amplifier, and the microprocessor including the second 
pulse rejection network being operable to activate the 
hard object removal mechanism responsive to the inter 
nal signal generated when the frequency calculated from 
the pulse train of the second pulse output signal corre 
sponds to the specified frequency bandwidth. 

23. The circuit of claim 22, wherein the microprocessor 
including the first pulse rejection network and the micropro 
cessor including the second pulse rejection network comprise 
a single microprocessor. 

24. The circuit of claim 22, wherein the first frequency has 
a value of about 2 kHz. 

25. The circuit of claim 22, wherein the first frequency 
filtered signal is centered about a center frequency of about 5 
kHZ. 

26. The circuit of claim 22, wherein the second frequency 
filtered signal is centered about a center frequency of about 1 amplifier, the microprocessor including the second pulse o kHz. 

rejection network being operable to control the value of 
the minimum threshold amplitude of the second thresh 


